ARIZONA GEOLOGY
Vol. 42, No. 3
On July 31, 2021, a magnitude (M) 5.2 earthquake occurred in northeastern Sonora,
in the area where the Great
Sonoran earthquake occurred
in 1887. This event was well-recorded by the seismometers of
the Arizona Broadband Seismic
Network, which we have operated since 2009 (see Douglas
helicorder/seismogram; Figure
1 below). Several sizable aftershocks in the M3-4.1 range
followed in the next 2 months,
and undoubtedly many smaller earthquakes occurred that
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regional seismic networks did
not detect. In addition, several
M3.3-3.6 earthquakes occurred
in the same interval 100 km
to the north in the bootheel of
New Mexico (Figure 2; map of
recent EQs). The M5.2 earthquake is the largest in the
immediate area of the 1887
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Figure1: Example seismogram from the Arizona Broadband Seismic Network, Douglas Station for the M3.3
that occurred on August 5th, 2021. The red “P” denotes the first arrival of seismic energy at the station.
The red “S” denotes the arrival of secondary, shearing waves at the station.
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To inform and advise the public
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understanding and encourage
prudent development of the State’s
land, water, mineral, and energy
resources.
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earthquake for many decades,
probably for more than 100
years. These recent earthquakes serve as a reminder
that southeastern Arizona and
surrounding areas experience
moderately large earthquakes
(M5-6) fairly frequently, and the
potential exists for substantially
larger earthquakes.
The M7.6 1887 Great
Sonoran earthquake shook an

area of approximately 2 million
km² in northern Mexico and the
southwestern U.S. It involved
surface ruptures along several north-south striking normal
faults that likely slipped sequentially from north to south,
along the western margin of
the Sierra Madre Occidental
(Suter, 2014). Total length of
the rupture zone was ~ 100 km,
maximum vertical displacement
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Figure 2. M3.2 and larger historical earthquakes in NE Sonora and adjacent SE Arizona and SW New Mexico since 1930. Circles correspond
to earthquake location and size. Red circles are part of the 2021
earthquake sequence. All M4.5 and larger events are shown with orange circles and labeled by size and date. The white rectangle encloses the 2014-2016 Duncan earthquakes. Earthquakes extending south
from the U.S – Mexico border roughly follow the surface rupture of the
1887 Sonoran Earthquake. Earthquakes from the USGS Earthquake
Catalog and the AZGS Hazards Viewer.
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of the land surface down to the
west was ~4-5 m, and the north
end of surface rupture was only
10 km south of the ArizonaSonora border. Significant damage occurred in southeastern
Arizona, southern New Mexico,
and northern Mexico, where at
least 51 people were killed by
the temblor (DuBois and Smith,
1982). It is by far the largest
historical earthquake in or near
Arizona and is the only earthquake certain to have ruptured
the surface. Indeed, it is the
largest historical earthquake
in the entire Intermountain
West (U.S. Geological Survey
Earthquake Hazards Program:
https://www.usgs.gov/natural-hazards/earthquake-hazards/lists-maps-and-statistics).
Based on studies of the geology and geomorphology of
the fault zones, it had been at
least 10,000 years, and possibly 100,000 years, since these
faults had previously ruptured
(Bull and Pearthree, 1988;
Suter, 2014).
Numerous small to moderate earthquakes have occurred
in the area around the 1887
rupture in the subsequent 134+
years (Fig. 2). Many aftershocks undoubtedly occurred
shortly after the main event,
but no seismic network existed
to record them. Based on felt
reports, 2 moderately large
earthquakes occurred in early
1900s in the general area of
the recent M5.2 event (DuBois
et al., 1982; AZGS Hazards
Viewer: https://azgs.arizona.
edu/center-natural-hazards).
A M4.6 event occurred farther
north in 1977, and a temporary
seismic network deployed in
the region in the late 1970s

Figure 3. Quaternary faults and historical seismicity in southeastern
Arizona and adjacent areas of Mexico and New Mexico. Faults are
colored coded by most recent activity as follows: red, historical;
green, <15,000 years; blue, <150,000 years; black, <2.6 million years.
Source is USGS Quaternary Fault and Fold Database.

recorded abundant microseismicity in areas around the 1887
rupture (Natali and Sbar, 1982).
Several moderate earthquakes
occurred in the late 1980s,
with the largest M4.5 and M4.6
events occurring in the central
part of the 1887 rupture zone.
This burst of activity caused us
to ponder whether they reflected residual stresses from the
1887 event (a very long aftershock sequence) or were a
portent of larger earthquakes to
come (Wallace and Pearthree,
Arizona Geology v. 42 #3

1989). For the past decade
or so, the Arizona Broadband
Seismic Network has substantially improved the ability to
detect and locate earthquakes
in this region. In that time, several small earthquakes (M3.9 or
less) have been detected near
the Arizona-Sonora border and
farther north in San Bernardino
Valley (Fig. 2). Based on these
data, seismicity in this region
over the past century or more
has been concentrated around
the 1887 surface rupture. This
3

is consistent with the concept
that large earthquakes substantially alter stresses in areas
around them (e.g., Stein, 1999).
Taking a bit wider view,
it seems clear that historical
seismicity in the SE AZ – SW
NM region has been concentrated in a broad band near the
Arizona – New Mexico border.
Quite a few M4.5-5.5 earthquakes have occurred across
there in the past 100 years,
including a burst of activity
between mid-September 1938
and early June 1339 when
nine M4.5-5.5 events occurred.
Much more recently, the area
around Duncan, Arizona, was
jolted by a M 5.3 earthquake
and hundreds of smaller aftershocks in the summer of
2014 (AZGS staff, 2014). This
region also has quite a few
Quaternary faults (faults where
there is physical evidence of
rupture in the past 2.6 million
years). There is evidence for
repeated movements along
nearly all these faults, and a
number of them have likely
generated large, surface-rupturing earthquakes in the past
few tens of thousands of years
(Fig. 3; Menges and Pearthree,
1983). In particular, recent
small earthquakes in southwestern New Mexico and San
Bernardino Valley occurred
in areas where several northsouth trending faults lie within a
larger north-south belt of faults
that have been active in the late
Quaternary (Pearthree, 1986).
This recent burst of seismic activity is intriguing. We
don’t know if these events
are part of an exceptionally long aftershock sequence
after the 1887 event, or if they

are representative of the longer-term level of seismic activity in the region (Pearthree et
al., 1990). We know that other
faults in the region have potential to generate large earthquakes, but only time will tell if
any larger earthquakes occur in
the region as part of this sequence.
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2021 Monsoon Rains hit Cochise
County Earth Fissures the Hardest

by Joseph P. Cook

Monsoon storms in July and
August 2021 dumped abundant
rainfall across Arizona resulting
in above-average rainfall totals for many cities and towns
throughout the state. Some
storm systems were intense
and delivered successive heavy
rains over several days which
resulted in local flooding and
erosion. When these heavy
rains occur in areas with earth
fissures rapid erosion along

existing fissures can occur.
Although heavy rains occurred
in many areas with earth fissures throughout southern
Arizona, fissures in the vicinity
of Dragoon and Willcox, AZ
were the most affected and
resulted in the most damage to
roadways and private property.
AZGS did not receive reports
of reactivated or newly formed
fissures in Pinal, Maricopa, or
La Paz Counties.
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Figure 1. View to the southwest from the damaged area of Dragoon Rd.
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Figure 2. View to the north along reactivated earth fissure passing beneath Dragoon Road. The Apache Generating Station is visible in the
background.

fissure passes beneath the
roadway (Figure 1). Erosion
and collapse was observed on
both the north and south sides
of the road. Collapse on the
south side was deeper with
some portions of the fissure
exceeding 3m (10 ft) wide and
4m (13 ft) deep (Figure 2).
The southern portion (eastbound lane) of the roadway
was completely undermined
by the open fissure and the
asphalt layer was sagging into
the open void. Hairline cracks
on both sides of the collapsed
area extended across the entire
roadway. On the north side the
fissure extended into recently
plowed land with a mix of long
open reaches and zones of
partial collapse and hairline
cracks. The total length of the
fissure is roughly 0.7 km (0.45
miles). This fissure was previously mapped by AZGS and is
shown on the Dragoon Road
Earth Fissure Map (Figure 3).
The location of this earth fissure closely matches the trend
of land subsidence depicted

Ranch Road east of Kansas
Precipitation in the Willcox
Settlement Road. Much like the
Basin of Cochise County, incollapse along Highway 191,
cluding the towns of Dragoon,
this damage was caused by
Elfrida, and Willcox exceeded
erosion along open fractures
8 inches, with the upper slopes
driving partial collapse of the
of nearby mountain ranges
roadway.
receiving 14- to 16 inches. In
Damage to Dragoon Road
early July a portion of U.S. 191
occurred where a known earth
southwest of Willcox Playa was
closed due to collapse along
large surface fractures. These
cracks underlie the highway
and extend into the desert on
both sides. Heavy rains flooded
the open cracks, which were
dramatically enlarged by rapid
erosion.
Continued rains in July
and August have resulted in
repeated flooding and inundation of the landscape and
roadways in Cochise County.
Sometime around August
13th-14th the Cochise County
Sheriff’s office reported damage
Figure 3. Excerpt from AZGS Dragoon Road fissure map (DM-EF-16). The
to Dragoon Road west of U.S.
reactivated fissure described here is annotated with a yellow arrow.
191, and to two areas of Parker
Arizona Geology v. 42 #3
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Figure 4. Excerpt from AZGS Three Sisters Buttes fissure map (DMEF-22). The reactivated fissures described here are annotated with
yellow arrows.

on the Arizona Department
of Water Resources Kansas
Settlement map. We now have
active earth fissures on both
sides of the subsidence bowl
in this area. The earth fissure
on the west side lies beneath
the intersection of Cochise
Stronghold and W Dragoon
Roads and has repeatedly
damaged the roadway, requiring costly repair.
Four earth fissures pass
beneath Parker Ranch Road
east of Kansas Settlement
Road. Several of these fissures were first observed in
2010 and are shown on the
AZGS Three Sisters Buttes
Earth Fissure Map. Two of
these fissures re-opened
during recent rains, resulting in
major damage to the roadway
(Figure 4). The western fissure
crosses beneath Parker Ranch
Road 1.7 km (1.1 miles) east
of Kansas Settlement Road

and is roughly 0.5 km (0.35
miles) long. On August 16,
2021, standing water was
observed in the fissure on both
sides of the road (figure 5). The
southern portion (eastbound
lane) of the road was completely undermined by collapse
along the fissure, the asphalt
layer was sagging into the
underlying void, and hairline
cracks in the asphalt extended

across the road on both sides
of the fissure (Figure 6). While
on site, large chunks of the fissure wall periodically slumped
into the water-filled fissure with
loud splashes. At one point a
large piece of asphalt in the
road fell into the void below.
Although the total depth of the
open portion of this fissure was
not observable due to the muddy water, widths of at least 3m
(10 ft) and depths of 4m (13 ft)
were observed in drier portions
to the south.
Collapse was most dramatic at the eastern fissure
passing beneath Parker Ranch
Road (approximately 3 km
(1.85 miles) east of Kansas
Settlement Road). Here the
fissure was approximately 3m
(10 ft) wide and up to 5m (16.5)
deep with a total length of 0.7
km (0.45 miles). The roadway
was completely undermined
with only a thin bridge of asphalt and soil bridging the gap
formed by collapse along the
fissure (Figure 7). Broken and
sagging asphalt was observed
directly above the void with
hairline cracks across the road
on both sides of the collapsed
zone. It was possible to see
Figure 5. A suspended fence
extends across a
water-filled earth
fissure just south
of Parker Ranch
Road.
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Figure 6. Collapse of Parker
Ranch Road into a void caused
by erosion along an earth fissure first observed in 2010. This
is the second time this portion
of the roadway has suffered
major damage due to collapse
at this location.

completely underneath the
roadway from certain vantage
points (Figure 8). Erosion and
collapse along the fissure
south of the road was significant. Large columns of soil and
angular blocks of soil bearing
vegetation were leaning or
had already collapsed into
the open fissure (Figure 9).
Hairline cracks alongside and
parallel to the fissure indicated
unstable ground. Muddy pools
and standing water were still
present in some areas while
high-water lines marked the
extent of inundation in others.
Some new collapse along gaps
in between previously mapped
fissures to the south was also
observed.
Reactivation and renewed
collapse along existing earth
fissures during and following
heavy rains is a common process throughout Arizona, especially when rains are intense
and repeated as sometimes
observed during the monsoon
season. Precipitation during
monsoon-2021 has been especially heavy in Cochise County

so new damage caused by
erosion of existing fissures is
not unexpected, although the
extent and magnitude of collapse is impressive. Continued
land subsidence in Cochise
County due to groundwater
withdrawal is likely to lead to
the development of more earth
fissures and flood-prone areas,
so the potential for damage to
infrastructure, loss of access to
private property, and negative
impacts on farmland is likely to
increase as well.

Arizona Geology v. 42 #3

Figure 7. Major undermining of
Parker Ranch Road where it
passes above an earth fissure
first observed in 2010. This is
the second time this portion of
the roadway has suffered major
damage due to collapse at this
location.
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Figure 8 (bottom left). Only a thin bridge of asphalt is intact above the void formed by
erosion along the earth fissure.

Figure 9 (bottom right). Dramatic erosion and collapse of fissure walls south of Parker
Ranch Road.
Arizona Geology v. 42 #3
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Arizona Mining Production & Employment 2020
at a glance
Data Sources: U.S. Geological Survey; L. William Seidman Research
Institute; Arizona Rock Products Assn.; Arizona Mining Assn.

Arizona U.S. Mineral Rank
#2 in nonfuel mineral production
$7.0B | 8.5% US total
#1 in copper production

Value of Nonfuel Mineral Production by U.S. State
Source: U.S. Geological Survey
Mineral Commodities Report - 2020

~74% U.S. total | 880,000 tons | $5.6 B

#3 in sand & gravel production

Tax Revenue

State & Local: $464.8M
Federal: $655.4M
Total: $1.12B
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New, Pending, and Revised
Publications
The following includes new,
pending, and recently revised
publications of the Arizona
Geological Survey.
New publications include
those released since August
2021. Pending publications are
in the final stages of preparation and should be released in
the first quarter of 2022.
Revised publications include 20 previously published
digital geologic maps. The
revisions are sufficiently robust to require a step increase
in version number, e.g., from
v1.0 to v2.0 or from v2.0 to
v3.0. Typically, a revised map
includes modest revision of the
geologic content and the addition of:
• Google Earth KMZ
• Open/Simple database
• Geopackage.

Richardson, C.A., Ricker, M.D.,
Phelps, E.L. and Miller, A.T.,
2021, Richardson, C.A., Ricker,
M.D., Phelps, E.L., and Miller,
A.T., 2021, Arizona Bureau of
Mines Mining Files Collection
Inventory. Arizona Geological
Survey Open File Report, OFR21-03, v.1
Richardson, C. A., Ricker, M.
D., Phelps, E. L., and Miller,
A. T., 2021, Phillip Anderson
Arizona Proterozoic Collection
Inventory: Arizona Geological
Survey Open-File Report 21-04,
54 p.
Spencer, J.E. and Haxel, G.B.,
2021, Compilation Bedrock
Geologic Map of Cemetery
Ridge, La Paz and Yuma
Counties, southwest Arizona.
Arizona Geological Survey
Contributed Map CM-21-A, 1
plate - 1:48,000.

Arizona.
DGM-151 – Geologic map of
the Cerbat 7 ½’ quadrangle,
Mohave County, Arizona.
DGM-152 - Geologic map of the
Stockton Hill 7 ½’ quadrangle,
Mohave County, Arizona.
Haxel, G.B. and four others, in
review, Ore and Other Metals
in Laramide Metaluminous and
Peraluminous Granitoids, and in
the Upper Crust, South-Central
Arizona and North-Central
Sonora. Arizona Geological
Survey Contributed Report.
Haxel, G.B. and five others,
in review, Mantle Peridotite
and Associated Metasomatic
Rocks in the Orocopia Schist
Subduction Channel (Latest
Cretaceous) at Cemetery Ridge,
Southwest Arizona: Geologic
Map, Petrology, and Structural
Setting. Arizona Geological
Survey Contributed Report.
Richardson C.A. and others, in review, Directory of Active Mines
in Arizona: FY2021. Arizona
Geological Survey Open-File
Report.

PENDING Publications

REVISED Publications

On a following page a map
of Arizona shows the footprints
of all revised digital geologic
maps from 2021.

Briggs, D.F., in review, Geology
and History of the Globe-Miami
Mining Region, Gila and Pinal
Counties, Arizona. Arizona
Geological Survey Contributed
Report.
Clark, R.A., in review, Stratigraphy,
Lithology, and Depositional
Environments of the Lower
Permian Kaibab Formation,
Northwestern Arizona. Arizona
Geological Survey Contributed
Report.
DGM-149 - Geologic map of the
Eden and the eastern part of
Telegraph Wash 7 ½’ quadrangles, Graham County, Arizona.
DGM-150 - Surficial geologic map
of the Shingle Mill Mountain and
part of the Tripp Canyon 7 ½’
quadrangles, Graham County,

DGM-008 Geologic Map of
the Galleta Flat West 7.5’
Quadrangle, Pima and Cochise
Counties, Arizona, v. 2.0
DGM-009 Geologic Map of the
Mescal 7.5’ Quadrangle, Pima
and Cochise Counties, Arizona,
v. 2.0
DGM-019 Geologic Map of the
Durham Hills 7.5’ Quadrangle,
Pinal County, Arizona, v. 2
DGM-022 Geologic Map of the
Chief Butte 7.5’ Quadrangle,
Southeastern Pinal County,
Arizona, v.2
DGM-026 Geologic Map of the
Tortolita Mountains, Pinal and
Pima Counties, Arizona, v. 2
DGM-077 Geologic map of the
Wintersburg 7.5’ Quadrangle
and parts of the Arlington,

by AZGS Staff

Funding for revising maps
of the Digital Geologic Map series provided by AZGS and the
US Geological Survey’s Data
Preservation program.
NEW Publications
Garcia, V.H., and Richardson,
C.A., 2021, Mining Districts in
Arizona: Arizona Geological
Survey Digital Geologic Map
OFR-21-05, version 1.0, map
scale 1:100,000, 2 map sheets.
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Gillespie, and Tonopah
Quadrangles, Arizona, v 3.
DGM-081 Geologic Map of the
Dolan Springs 7.5’ Quadrangle,
Mohave County, Arizona v.2
DGM-090 Geologic Map of
the Wineglass Ranch 7.5’
Quadrangle, Yavapai County,
Arizona v.2
DGM-092 Geologic map of
the Prescott Valley North 7.5’
Quadrangle, Yavapai County,
Arizona v.2
DGM-095 Geologic map of the
Cactus Forest 7.5’ Quadrangle,
Pinal County, Arizona v. 2.0
DGM-102 Geologic Map of the
Sullivan Buttes 7.5” Quadrangle,
Yavapai County, Arizona v.2
DGM-103 Geologic Map of
the Prescott Valley South 7.5’
Quadrangle, Yavapai County,
Arizona v.2
DGM-106 Geologic Map of the
Artesia 7.5’ Quadrangle and
the Northeastern Corner of the
Mount Graham 7.5’ Quadrangle,
Graham County, Arizona v.2
DGM-107 Geologic map of
the Bouse and Ibex Peak 7.5’
Quadrangles, La Paz County,
Arizona v 3.0
DGM-108 Geologic Map of the
Black Peak and Bobs Well 7.5’
Quadrangles, La Paz County,
Arizona v.2
DGM-110 Geologic map of the
Arizona part of the Gene Wash
7.5’ Quadrangle, Mohave and La
Paz Counties, Arizona v.2
DGM-113 Geologic map of the
Kingman 7.5’ Quadrangle,
Mohave County, Arizona v.2
DGM-114 Geologic map of the
Kingman NW 7.5’ Quadrangle,
Mohave County, Arizona v.2
DGM-115 Geologic Map of
the Corona de Tucson 7.5’
Quadrangle, Pima County,
Arizona v.2
DGM-116 Geologic Map of the
Dome Rock Mountains SW 7.5’
Quadrangle, La Paz County,
Arizona v.2
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Happy Holidays 2020
Staff of the Arizona Geological Survey
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